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INTRODUCTION 

A3 part of a general program to study the cooling of recipro- 
cating aircraft engines, an investigation was conducted with the 
propeller cuffs and spinner removed to determine their effect in 
flight on the pressure recovery of the cooling-air flow. 

Preliminary data obtained from previous flight tests indicated 
that the inlet-pressure recovery of the cooling air was not so high 
as might be expected. Tho data from these previous flights with 
the cuffs and spinner installed are compared herein with the data 
obtained with the cuffs and spinner removed. Curves are presented 
to compare the pressure and temperature distribution over the front 
row of cylinders for flights with and without cuffs and spinner. 

These teste were conducted at the request of the Anriy Air 
Forces, Materiel Command, at the Aircraft Engine Research Laboratory 
of the NACA at Cleveland, Ohio, during the summer and fall of 1943, 

APPARATUS AND TEST PROCEDURE 

The flight teste were conducted on the right engine of a twin- 
engine airplane powered by two 2800-cubic-inch displacement engines 
having a normal rating of 1500 horsepower at 2400 rpm. 

The four hollow-steel blades on a 13^-foot propeller were fitted 
with shank cuffs and a large diameter spinner. Figures 1 and 2 show 
the propeller installation with and without cuffs and spinner. The 
apparatus used in the study of cuff performance was the same used for 
the cooling-correlation tests reported in reference 1. 
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The pressures measured in these tests were recorded "by standard 
NACA pressure recorders, a recording multiple manometer of 30 cells, 
and a IOC-tube liquid manometer photographed in flight. The pressures 
considered were the shielded total-head pressures in front of cyl- 
inders 2, 6, and 16 and the baffle entrance total pressures for the 
front "bank of cylinders at the head and "barrel. These pressures 
provide a survey of the cooling-air flow over the front of the engine. 

The cooling-air temperature rise across the cylinder was measured 
by thermocouples such as T a i, T^, and T al3 located on rakes in 
front of the engine and at the rear of each cylinder. (See figs, 3 
and 4.) Thermocouples such as T 13 and T 6 were imbedded l/l6 inch 
in the rear middle of the cylinder wall between the first and second 
circumferential fins of the head and at the rear-middle circumferential 
fin of the barrel, respectively. (See fig. 4.) The results of a 
preliminary investigation indicated that the temperatures recorded by 
thermocouples T 13 and T 6 had a constant relationship to the 
average cylinder-head and cylinder-barrel temperatures, respectively. 
These thermocouple readings were therefore selected as a measure of 
the cylinder temperatures during flight. 

In addition to the instruments for measuring pressures and tem- 
peratures and the usual engine operating conditions, a torquemeter 
and an inclinometer were included. 

One flight without cuffs and 3pinner was made at a brake horse- 
power of approximately 1000 and an indicated airspeed of 200 miles 
per hour at a density altitude of 5000 feet. The engine was operated 
at speeds of 1800, 2100, 2400, and 2600 rom with cowl flaps closed. 
One run was made with cowl flaps open at an engine speed of 2400 rpm. 
These runs were compared with similar runs made during the regular 
cooling-test program with the propeller cuffs and spinner installed. 
(See table I.) No ground tests were made with the cuffs and spinner 
removed. 



RESULTS AND DISCUSSION 

The comparison of test data was based on the average values of 
pressure recovery, cylinder temperature, and cooling -air temperature 
rise that were determined for the front of the engine (table I), and 
the temperature and pressure distribution over the front bank of 
cylinders (figs. 5 to 9). 
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The pressures p are given in terms of free-stream impact 
pressure q c and were the difference between the total pressure 
at the measuring point and the static pressure of the free air. 
Pressures for individual cylinders were averaged. The baffle 
entrance pressure at the cylinder head was taken as the average 
of the pressures recorded at H^Sl, Hqv52| 11,^53, H a}l 54; for 
cylinders 2 } 6, and 16, the pressure at H a ^l was included. The 
baffle entrance pressure at the cylinder barrel was taken as the 
average of the pressures recorded at H at) 51, 1,^52, H a ^53, 
including H a *2 for cylinders 2, 6, and 16. 

The cooling-air temperature rise across the head was equal to 
the difference between Tg^ and T ai and the cooling-air temper- 
ature rise across the barrel was equal to the difference between 
I'ab and T a j_. Cylinder temperatures for the head and the barrel 
were corrected in each case to the 3ame cooling-air temperature 
observed with the cuffs and spinner off. This correction was made 
according to the cooling equation developed for this engine. 

Because a number of thermocouples and pressure tubes were 
damaged or broken, only those believed to be reliable are indicated 
on the temperature and pressure distribution charts. (See 
figs. 5 to 9. ) 

The pressure recovery in front of the individual cylinders and 
the head and barrel temperatures are shown in figures 5 to 9. These 
figures also show the cooling-air temperature rise across the head 
and the barrel for comparable conditions with and without cuffs and 
spinner. 

With the cowl flaps closed, a general increase in the pressure 
recove?:*y at the bottom of the engine was obtained when the cuffs 
and spinner were removed. At the top of the engine, no marked 
difference was observed, except for a slight decrease in the recovery 
in front of cylinder 2. (See figs. 5 to 8.) 

When the cooling-air flow was increased by opening the cowl 
flaps, the pressure recovery on the cylinder heads was not appre- 
ciably affected by removal of the cuffs and spinner. The cuffs and 
spinner were still definitely detrimental to front pressure recovery 
over the barrel for all cylinders except the two top cylinders 2 
and 18. 
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The cooling-air temperature ri3e and cylinder-temperature pat- 
terns generally followed the pressure-recovery patterns. Cylinder 10 
did not follow this trend because the cooling-air temperature rise and 
flow may have "been affected by the proximity of the oil sump, which 
also served as a head "baffle. 

A series of motion-picture studies of the air-flow character- 
istics of the cowling, although limited in extent, indicated that 
some of the air spilled out of the top of the cowling entrance. More 
turbulence was evident at the top than at the bottom of the cowling. 
This spillage and turbulence may partly account for the low pressure 
recovery of the top cylinders and the comparatively higher recovery 
at the bottom. Figures 5 to 9 indicated that the cuffs did increase 
the pressure recovery for a few of the top cylinders. This increase 
in pressure probably was due to the fact that the cuffs helped prevent 
a spillage of the air from the top of the cowl. 

With the cowl flaps closed and the cuffs and spinner removed, 

the increases in the average pressure recovery for the front cylinder 

heads varied from 0.01 to 0.04 q c for the different engine speeds 

tested. At the barrel, the increases in pressure recovery were from 

0.03 to 0.04 q . (See table I.) 
c 

With the cowl flaps open, no appreciable difference in the aver- 
age pressure recovery was observed at the cylinder head; the increased 
pressure recovery at the barrel was the 3a^e a3 with the cowl flaps 
closed. 

The average pressure recovery for both the head and the barrel 
was greater without the cuffs and spinner for most of the conditions 
tested. This increased pressure recovery resulted in a higher 
cooling-air flow, as shown by the smaller temperature rise of the 
cooling air across the cylinders and by the lower average cylinder 
temperatures . 

Although the average pressure recovery at the cylinder head was 
lower for the flight without cuffs and spinner, the average pressure 
drop across the cylinder head was higher when the cowl flaps were 
open. The increased pressure drop across the cylinder substantiates 
the lower cylinder temperatures recorded as compared with those deter- 
mined for the flight with cuffs and spinner. 

The maximum gain in pressure recovery obtained by removing the 
cuffs and spinner was small. The pressure recovery over the front 
of the ongine was never greater than 0.75 . 
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No logical variation of the pressure recovery with engine speed 
was indicated by the results. 

SUMMARY OF RESULTS 

From limited flight tests, the effect of the cuffs and spinner 
on pressure recovery in front of a double-row radial engine in a 
twin-engine airplane indicates that: 

1. The removal of the cuffs and spinner caused a slight gain in 
the over-all cooling-air pressure recovery obtained with the cuffs 
and spinner. 

2. Better engine cooling in flight was obtained "by removal of 
the cuffs and spinner. 

Aircraft Engine Research Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio, March 29, 1944. 
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Figure 3. - Front uieu of front and rear cylinders shoving pressure tube and 
thermocouple instol lot ion on front cylinder. 
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- Rear uleu of front and rear cylinders shoving pressure tube and 
thermocouple instal lot ion on front cylinder. 
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Figure 5. - pressure and temperature distribution for front cylinders with and without 
propeller cuffs and spinner. Indicated airspeed, 200 miles per hour; engine speed, 
1300 rpm; 1000 brake horsepower; cowl flaps closed. Cylinder temperatures with cuffs 
and spinner corrected to flight conditions without cuffs and spinner. 
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Figure 8. - pressure and temperature distribution for front cylinders with and without 
propeller cuffs and spinner. indicated airspeed, 200 miles per hour; 1000 brake 
horsepower; cowl flaps closed. Cylinder temperatures with cuffs and spinner corrected 
to flight conditions without cuffs and spinner. 
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Figure 7. - Pressure and temperature distribution for front cylinders with and without 
propeller cuffs and spinner. Indicated airspeed, 200 miles per hour; engine speed, 
2400 rpm; 1000 brake horsepower; cowl flaps closed. Cylinder temperatures with cuffs 
and. spinner corrected to flight conditions without cuffs and spinner. 
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Figure 3. - Pressure and temperature distribution for front cylinders with and without 
propeller cuffs and spinner. Indicated airspeed, 200 miles per hour; engine speed, 
2600 rpm; 1000 brake horsepower; cowl flaps closed. Cylinder temperatures with cuffs 
and spinner corrected to flight conditions without cuffs and spinner. 
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Figure 9. - Pressure and temperature distribution for front cylinders with and without 
propeller cuffs and spinner. Indicated airspeed, 200 miles per hour; engine speed, 
2400 rpm; 1000 brake horsepower; cowl flaps open. Cylinder temperatures with cuffs 
and spinner corrected to flight conditions without cuffs and spinner. 



